A few examples of quickly developing field of double parton scattering are discussed. We present arguments that the production of two pairs of charm quark-antiquark is the golden reaction to study the double parton scattering effects. We discuss briefly also mechanism of single parton scattering and show that it gives much smaller contribution to the cccc final state. In this context we discuss also the contribution of perturbative parton-splitting mechanism which should also be added to the conventional DPS mechanism. The presence of the letter leads to collision energy and other kinematical variables dependence of so-called σ ef f . We briefly discuss production of four jets. We concentrate on estimation of the contribution of DPS for jets widely separated in rapidity. Finally we briefly mention about DPS effects in production of W + W − .
Introduction
The double-parton scattering was recognized already in seventies and eighties [1, 2, 3, 4, 5, 6, 7, 8, 9] . Several estimates of the cross section for different processes have been presented in recent years [10, 11, 12, 13, 14, 15, 16, 17, 18] . The theory of the double-parton scattering is quickly developing [19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30] .
It was recognized recently that the production of cccc is a very good place to study DPS effects [31] . Here, the quark mass is small enough to assure that the cross section for DPS is large, but large enough that each of the scatterings can be treated within pQCD. In the meantime the LHCb collaboration presented interesting data for simultaneous production of two charmed mesons [32] . In Ref. [33] we discussed that the large cross section in [32] is a footprint of double parton scattering. 25 years ago Mueller and Navelet predicted strong decorrelation in relative azimuthal angle [34] of jets with large rapidity separation due to exchange of the BFKL ladder between quarks. Since then both leadinglogarithmic [34, 35, 36, 37, 38, 39] and higher-order BFKL effects [40, 41, 42, 43, 44, 45, 46, 47, 48, 49] were calculated and discussed. The effect of the NLL correction is large and leads to significant lowering of the cross section. The LHC opens a new possibility to study the decorrelation in azimuthal angle. First experimental data measured at √ s = 7 TeV are expected soon [50] . We discussed recently the contribution of DPS to the jets widely separated in rapidity [51] .
The double parton scattering mechanism of W + W − production was discussed e.g. in Refs. [11, 52, 53, 54] . The W + W − final states constitutes a background to Higgs production. It was discussed recently that doubleparton scattering could explain a large part of the observed signal [55] . Here we discuss briefly the double parton scattering mechanism of W + W − production.
Sketch of the formalism
A diagramatic representation of the Mueller-Navelet jet production (left diagram) and of the double paron scattering mechanism (right diagram).
Let us consider for example production of cccc final state within the DPS framework. In a simple probabilistic picture the cross section for doubleparton scattering can be written as (see [33] ):
The simple formula (1) can be generalized to address differential distributions. A more general formula for the cross section can be written formally in terms of double-parton distributions, e.g. F gg , F, etc. (see e.g. [66] ).
In the k t -factorization approach the differential cross section for DPS production of cccc system can be written as:
In Fig. 3 we illustrate a conventional and perturbative splitting DPS mechanisms for cccc production. The 2v1 single parton splitting mechanism (the second and third diagrams in the figure) were considered first in [57] . Some more details of the formalism are given e.g. in [66].
Examples of results
In Fig. 4 we compare cross sections for the single and double-parton scattering as a function of proton-proton center-of-mass energy. At low energies the single-parton scattering dominates. For reference we show the protonproton total cross section as a function of collision energy as parametrized in Ref. [63] . At low energy the cc or cccc cross sections are much smaller than the total cross section. At higher energies both the contributions approach the total cross section. At LHC energies the cross section for both terms become comparable. This is a completely new situation.
So far we have concentrated on DPS production of cccc and completely ignored SPS production of cccc. In Refs. [61, 62] we calculated the SPS contribution in high-energy approximation [61] and including all diagrams in the collinear-factorization approach [62] . In Fig. 5 we show the cross section from Ref. [62] . The corresponding cross section at the LHC energies is more than two orders of magnitude smaller than that for cc production and much smaller than the DPS contribution. In real experiments one measures rather D mesons than charm quarks/antiquarks. In Fig. 6 we show resulting distributions in rapidity distance between two single parton scattering one (dash-dotted line). The sum of the two contributions is represented by the solid line. We get a reasonable agreement with the LHCb experimental data [32] .
In the presence of the (single) parton splitting (2v1) contribution the situation becoming more complicated [57] . It was shown that the ratio of the 2v1-to-2v2 depends on rapidity of produced quark/antiquark and collision energy. In Fig. 7 we show the empirical σ ef f , for double charm production in the case when conventional and single parton splitting contributions are added together. The effective parameter σ ef f rises with the centre-of-mass energy. A sizeable difference of results for different choices of scales can be observed in addition. Observation of such an effect would require very precise experimental data for a few center of mass energies. Now we proceed to the jets with large rapidity separation. In Fig. 8 we show distribution in the rapidity distance between two jets in leading-order collinear calculation and between the most distant jets in rapidity in the case of four DPS jets. In this calculation we have included cuts for the CMS expriment [50] : y 1 , y 2 ∈ (-4.7,4.7), p 1t , p 2t ∈ (35 GeV, 60 GeV). For comparison we show also results for the BFKL calculation from Ref. [47] . For this kinematics the DPS jets give sizeable (relative) contribution only at large rapidity distance. The NLL BFKL cross section (long-dashed line) is smaller than that for the LO collinear approach (short-dashed line). In Fig. 9 we show rapidity-diffference distribution for even smaller lowest transverse momenta of the "jet". A measurement of such minijets may be, however, difficult. Now the DPS contribution may even exceed the standard SPS dijet contribution, especially at the nominal LHC energy. How to measure such (mini)jets is an open issue. In principle, one could measure correlations of semihard (p t ∼ 10 GeV) neutral pions with the help of socalled zero-degree calorimeters (ZDC).
Finally we wish to only briefly mention the situation for production of two gauge bosons, e.g. W + W − pairs. Many mechanisms contribute in this reaction [53] . How the situation may look at future high-energy experiments at the LHC and FCC is illustrated in Table 1 . In this calculation we assumed σ ef f = 15 mb. Such an empirical value was extracted from phenomenological studies of high-energy processes (also at the LHC) that are, however, dominated rather by gluon-gluon processes. Whether a corresponding value of σ ef f for processes dominated by quark-antiquark annihilation (D′ dPDF in the cross section formula) is similar is not completely clear at present. For reference we show the leading-order contribution due to quark-antiquark annihilation. Clearly the relative contribution of DPS is growing with collision energy. The DPS contribution has slightly differ- [53] . Detailed studies require to go rather to leptons (electrons, muons), study differential distributions and consider background contributions. This issue was discussed in the literature only briefly (see e.g. [52, 66] ).
Conclusions
We have shown that the cross section for cccc production grows much faster than the cross section for cc production making the production of two pairs of cc particularly attractive in the context of exploring the doubleparton scattering processes.
We have also shown predictions for production of cccc in the doubleparton scattering in the factorized Ansatz with each step calculated in the k t -factorization approach. We have presented also cross sections for the pro- We have discussed also so-called parton splitting mechanism in the context of the cccc production. The sum of the 2v1 and 2v2 contributions behaves almost exactly like the 2v2 contribution, This leads e.g. to effective energy dependence of σ ef f .
We have discussed also how the double-parton scattering effects may contribute to large-rapidity-distance dijet correlations. Already leading-order calculation provides quite adequate description of inclusive jet production when confronted with recent results obtained by the ATLAS and CMS collaborations [51] . We have shown distributions in rapidity distance between the most-distant jets in rapidity. The relative contribution of the DPS mechanism increases with increasing distance in rapidity between jets. We have also shown some recent predictions of the Mueller-Navelet jets in the LL and NLL BFKL framework. For the CMS configuration our DPS contribution is smaller than the dijet SPS contribution and only slightly smaller than that for the NLL BFKL calculation. We have demonstrated that the relative effect of DPS can be increased by lowering the transverse momenta. A four-jet final states analyses of distributions in rapidity distance and other kinematical observables was performed by us very recently [65] .
Finally we have also mentioned the role of DPS effects in inclusive production of W + W − pairs. We have shown that the relative contribution of DPS grows with collision energy. In experiments one measures electrons or muons. Whether experimental identification of the DPS contribution in this case is possible requires detailed Monte Carlo studies.
